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hypotension, reperfusion injury, embolization, and others.
However, colon ischemia frequently occurs with either no
single identifiable cause or multiple possible causes, mak-
ing its occurrence difficult to predict.
During the past several years, endovascular techniques
have gained increasing acceptance for the treatment of
aortoiliac aneurysms. Frequently reported causes of mor-
bidity and mortality after endovascular aortoiliac
aneurysm repair (EVAR) include colon ischemia; however,
its incidence and severity remain poorly documented.11-14
Furthermore, causative factors of colon ischemia in the
setting of EVAR are not clearly understood, and mecha-
nisms such as IMA and HA interruption or reperfusion
injury extrapolate poorly to EVAR.4,15-23
Although some investigators have thought that IMA
and HA interruption may be a major factor in the devel-
opment of colon ischemia,24-32 previous studies from our
institution and others suggest that this relationship is not
so simple.33-36 In the present study, we have sought to
clarify the incidence, etiology, and severity of colon
ischemia by reviewing patients who developed this com-
plication after EVAR in our institution.
METHODS
Patients. From November 1992 to April 2001, all
patients with AAAs or aortoiliac aneurysms in whom sur-
gical therapy was indicated were offered either EVAR or
Colon ischemia is a well-documented and potentially
lethal complication following open abdominal aortic
aneurysm (AAA) surgery. Retrospective reviews have
demonstrated an incidence of about 2%,1-4 although some
prospective studies have shown incidences ranging from 3 %
to 30%5-9 depending on screening practices and methods of
detection. Ischemia varies in severity from mucosal to trans-
mural disease, and estimates of mortality range from 0% to
100%, respectively.3-5,10 Presumed etiologies for the devel-
opment of colon ischemia include interruption of the infe-
rior mesenteric artery (IMA) and hypogastric artery (HA),
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Objective: The purpose of this study was to analyze the incidence, severity, and etiologic factors of the development of
colon ischemia after endovascular aortoiliac aneurysm repair (EVAR).
Methods: During the last 9 years we performed 278 elective EVARs using a variety of grafts. To facilitate these repairs,
one hypogastric artery (HA) was coil embolized in 109 patients and both HAs were coil embolized in 13 patients. The
preprocedural status of the inferior mesenteric, hypogastric, and iliac arteries as well as anatomical characteristics of the
abdominal aortic aneurysm were determined arteriographically and by computerized tomographic scans. Postoperative
colon ischemia was documented by colonoscopy or operative findings.
Results: Colon ischemia occurred in eight patients (2.9%). Three patients with colon ischemia died and had evidence of
widespread (cutaneous, renal, small bowel, and/or lower extremity) microembolization. One of these three had a colec-
tomy and microscopic emboli were present. One other patient who required a colectomy also had pathologic evidence
of colonic microembolization but survived. Four other patients with colon ischemia were treated conservatively and
survived. In one patient, previous colectomy with interruption of mesenteric collaterals may have been a contributory
cause of colon ischemia. Of the eight patients with colon ischemia, only one had unilateral HA occlusion, and none had
bilateral HA occlusion. The other 121 patients with unilateral and bilateral HA occlusion had no evidence of colon
ischemia.
Conclusions: Colon ischemia occurs after EVAR with an incidence approximating that of open repair. Colon ischemia
was unrelated to HA interruption. Embolization appears to be a major cause of colon ischemia, although inadequate
mesenteric collateral circulation may also play an etiologic role. Mortality with colon ischemia accompanied by wide-
spread embolization was high, whereas colon ischemia without it was often mild and amenable to nonoperative man-
agement. (J Vasc Surg 2001;34:986-96.)
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an open aneurysm repair. For patients at high risk for open
repair, such as those with severe cardiopulmonary disease,
other coexistent medical illnesses, or previous major
abdominal surgery, EVAR was performed preferentially.
When protocols for use of industry-made grafts under a
Food and Drug Administration Investigational Device
Exemption were available, lower-risk patients meeting pro-
tocol inclusion criteria were offered EVAR with these
devices. All patients had preoperative contrast computed
tomographic (CT) scans and aortoiliac arteriograms with
appropriate oblique views to visualize the superior mesen-
teric artery, the IMA, and the iliac bifurcations. In some
cases, intraoperative rather than preoperative aortograms
were performed, in which case only standard anteroposte-
rior views were obtained. Preoperative planning for EVAR
included appraisal of the AAA’s morphology as well as risk
factor assessments as recommended by the Ad Hoc
Committee for Standardized Reporting Practices in
Vascular Surgery.37
Procedures. Our techniques for EVAR have been
described in detail elsewhere.38-41 A variety of industry-
made grafts were used, including the Ancure/EVT
(Guidant, Inc, Menlo Park, Calif), AneuRx (Medtronic,
Inc, Santa Rosa, Calif), Vanguard (Boston Scientific Corp,
Natick, Mass), Talent (World Medical Corp, Sunrise, Fla),
Zenith (Cook, Inc, Indianapolis, Ind), and Excluder (WL
Gore, Flagstaff, Ariz) grafts. A surgeon-made Montefiore
Endovascular Grafting System (MEGS) was also used.38-41
This system consists of an aortounifemoral stent graft com-
bined with a femorofemoral bypass graft, coil embolization
of the ipsilateral internal iliac artery, and placement of an
occluder device in the contralateral common iliac artery.
The stent graft was constructed from a Palmaz stent
(Cordis, Warren, NJ) and a polytetrafluoroethylene graft.
In all cases, endovascular grafts were fixed proximally just
below the renal arteries and distally in either the common
iliac, the external iliac, or the femoral arteries, depending
on the extent of the aneurysm and the type of endograft
used. Patients with aneurysmal disease extending to or
beyond the level of the iliac bifurcation (Society for
Fig 1. A, Preoperative CT scan demonstrating presence of extensive mural thrombus in the proximal neck. B, Aneurysm
sac measuring 7 cm. Note the presence of defibrillator.
Fig 2. Preoperative arteriogram demonstrating a proximal para-
anastomotic aneurysm (P) in a patient having undergone previous
aneurysm repair with a bifurcated graft (G) (patient 5, Table I). A
femorofemoral crossover graft had been performed for occlusion
of the right limb of the previous bifurcating graft. Inset, Lateral
views revealing mural thrombus within the proximal neck.
A B
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Vascular Surgery/International Society for Cardiovascular
Surgery grade IIB)37 required occlusion of one or both
HAs so that the distal end of the stent graft could be
securely fixed within the external iliac artery. Hypogastric
embolization, when necessary, was accomplished either
before or during endograft deployment by means of
Gianturco coils (Cook, Bloomington, Ind). Cases requir-
ing bilateral hypogastric embolization were staged when
possible. Coils were placed in the proximal HA unless it
too was aneurysmal, in which case the coils were placed in
the HA branches.
All but the AneuRx and most of the Ancure EVARs
were performed as part of phase 1 or phase 2 clinical trials
under either an investigator or an industry-sponsored
Food and Drug Administration Investigational Device
Exemption and with Instituitional Review Board approval.
Each patient was informed of the investigational nature of
the procedure and devices, and appropriate consent was
obtained.
Postoperatively, all patients with signs and symptoms
suggestive of colon ischemia such as abdominal pain or
tenderness, early bowel movement or diarrhea, and gross
or trace fecal blood underwent colonoscopy. The decision
to manage these cases nonoperatively was based primarily
on the absence of abdominal tenderness, systemic toxicity,
fever, and metabolic acidosis, rather than colonoscopic
findings alone. Nonoperative management consisted of
bowel rest, antibiotics, and observation. Operative man-
agement consisted of laparotomy and resection of grossly
abnormal colonic segments and was performed in patients
whose aforementioned signs and symptoms failed to
improve. The excised colon was subjected to standard
pathologic gross and microscopic examination.
Three patients with colon ischemia and evidence of
widespread microembolization also had treatment-resis-
tant hypotension, oliguria, and acidosis with or without
cardiopulmonary collapse. Rapid physiologic deteriora-
tion independent of colon ischemia resulted from dif-
fuse microembolic organ damage and precluded
operative intervention. Because it was believed that
colectomy would not benefit these patients, operation
was withheld.
Data collection. Data relating to the patient’s AAA
size and morphology and the patient’s local and systemic
risk factors were gathered prospectively. For patients who
developed colon ischemia, additional data relating to
physical, laboratory, radiographic, and pathologic findings
were collected retrospectively. Hospital records,
endoscopy descriptions and photographs, and operative
reports were reviewed. For patients who had colon
ischemia after EVAR, preoperative CT scans and preoper-
ative arteriograms were reviewed to determine relevant
arterial anatomical details. These included aneurysm neck
length and diameter, the presence and degree of clot
and/or atheromatous material in the proximal and distal
neck, aneurysm sac and access arteries, as well as the qual-
ity and tortuosity of the iliac arteries. Patency of the iliac,
hypogastric, and inferior mesenteric arteries was noted.
The presence or absence of mesenteric collateral vessels,
such as the arc of Riolan and marginal artery, as well as any
stenoses of the superior mesenteric artery, were also
reviewed. Charts were reviewed for postprocedural
abdominal pain, tenderness, distension, symptoms of diar-
rhea, and fecal blood, as well as abnormalities of serum
creatinine, lactate, and bicarbonate. The pathology of
excised colon specimens was also reviewed.
Procedural details were tabulated, including operative
technique, type of stent graft used, operative time, esti-
mated blood loss, transfusion requirements, hypogastric
coiling, and any technical difficulties encountered during
each case. These factors were analyzed to help identify the
cause of colon ischemia.
Table I. Demographics of patients who had colon ischemia after EVAR
Preoperative Size of Previous Type of
Patient Age (y) diagnosis AAA grade* Aneurysm (cm) abdominal surgery graft
1 83 AAA IIA 5.7 None Vanguard bifurcated
2 73 AAA, left CIA, EIA, IIA 6.2 None MEGS
CFA stenosis, 
bilateral renal artery stenosis
3 76 AAA with severe narrowing IIA 6.0 Right Talent uni-iliac
at aortic bifurcation hemicolectomy
4 77 AAA with nonacute IIB AAA, 7.2; left CIA, None Talent
right CIA dissection 1.3; right CIA, 1.2 bifurcated
5 70 PAA 1 7.0 Open AAA repair MEGS
6 76 Inflammatory AAA IIB AAA, 6.7; right CIA, None Talent bifurcated
1.9; left CIA, 2.1
7 65 AAA IIA 6.0 None Talent bifurcated
8 80 AAA IIA 6.7 None MEGS
CIA, Common iliac artery; EIA, external iliac artery; CFA, common femoral artery; PAA, para-anastomotic aneurysm.
*Morphologic grade.37
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RESULTS
Two hundred seventy-eight infrarenal EVARs were
performed electively during the last 9 years. The patients
ranged from 53 to 91 years in age. Aortic aneurysm size
ranged from 4.5 to 10 cm, and, when present, iliac
aneurysms ranged from 3.0 to 9 cm in size. Colon
ischemia occurred in 8 of the 278 patients (2.9%).
Demographics for patients with confirmed colon ischemia
are listed in Table I.
Patient anatomy. All but one patient had complex
AAA anatomy as indicated by their having anatomical
grade II morphology or higher.37 These aneurysms
were also large with a maximal diameter ranging from
5.7 to 7.2 cm (mean, 6.4 ± 0.54 cm). Two of these
patients (patients 3 and 5) had undergone previous
abdominal surgery, a right hemicolectomy in one case
and an open AAA repair in another. In the latter case,
the patient presented with a recurrent aneurysm at the
proximal anastomosis of a bifurcated aortic graft. He
had also undergone a femorofemoral bypass for throm-
bosis of the left limb of this graft. (Figs 1-4) None of
the eight patients had large iliac aneurysms, although
two had ectasia (1.2-2.1 cm) of both of their common
iliac arteries (Table I).
Additional anatomical features of aneurysms in
patients who developed colon ischemia after EVAR are
summarized in Table II. All but one of these patients
demonstrated significant amounts of mural thrombus
and/or atheromatous material in their vessels of access,
and all but three had similar debris noted in the proximal
aneurysm neck. Two patients had pre-existent occlusions
of the HAs. Most patients (7/8) did not have hypogastric
Fig 3. A, Completion arteriogram demonstrates exclusion of the aneurysm with Montefiore Endovascular Grafting
System, with no sign of an endoleak. B, Delayed views (3 sec) of the same arteriogram reveals stagnation of clearance of
contrast in the renal arteries, suggesting distal renal arterial microembolization.
A B
Table II. Anatomical features of patients who had colon ischemia after EVAR
Clot or Clot or Anatomical Status of Preoperative IMA-SMA
atheroma in athermom in characteristics of hypogastric status vascular
Patient aneurysm neck access vessels iliac arteries arteries of IMA communication
1 Absent Absent Calcified, tortuous Bilaterally patent Patent None seen
2 Present Present Calcified Left occluded, right patent Occluded Arc of Riolan
3* Present Present Normal Bilaterally patent Patent None seen
4 Absent Present Right CIA dissection, Right coil embolized Occluded Arc of Riolan
calcified 1 month before EVAR
5 Present Present Calcified Right occluded, Occluded Patent
left patent
6 Absent Present Ectatic Bilaterally patent Occluded Arc of Riolan
7 Present Present Calcified, tortuous, Bilaterally patent Patent None seen
small diameter
8 Present Present Calcified, tortuous Bilaterally patent Occluded None seen
*Previous right hemicolectomy.
SMA, Superior mesenteric artery; CIA, common iliac artery. 
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interruption, and only one patient required embolization
of one HA in preparation for EVAR (Fig 5). None of the
patients who developed colon ischemia after EVAR
required embolization of both HAs.
Three patients were noted to have preoperatively
patent IMAs, none of which were accompanied by a
visualized arc of Riolan (Fig 6). None of the eight
patients had a visualized marginal artery on preoperative
arteriogram (Table II). Although two patients (patients 2
and 3) had stenosis of the celiac axis demonstrable by
arteriography, none had evidence of superior mesenteric
artery stenosis.
Many of these patients had tortuous, stenotic iliac
arteries, which made access difficult, often requiring bal-
loon angioplasty and stenting (Table III). Five patients
(patients 2, 3, 5, 7, and 8) had thrombus or atheroma pres-
Fig 4. Photomicrograph (×100) of the colon of the patient shown in Figs 1-3 (patient 5, Table I) demonstrates choles-
terol crystals (C) in arteriolar lumens. Note the ischemic necrosis of the colonic mucosa (N) overlying the embolized arte-
rioles.
Table III. Operative data of patients who had colon ischemia after EVAR
Intraoperative hypotension Additional procedures Technical Technical
Patient Op time (min) HA, CE vs PO (<70 mmHg) EBL (mL) during EVAR difficulties success*
1 195 None None 350 None None Yes
2 430 Left PO Present 1000 Stent left CIA and Embolic occlusion Yes†
EIA; stent left of left and
and right RA right RA; 
EIA angioplasty 
required for access
3 380 None None 500 Stent left and Difficult access Yes
right CIA
4 240 Right CE None 300 None None Yes
5 360 Right PO Present 150 Stent left and Difficult access Yes†
right CIA
6 370 None None 400 None Intraoperative Type
III endoleak Yes
7 420 None None 200 None Difficult access Yes
8 630 None None 5000 Stent left and Difficult access Yes†
right EIA; embolectomy 
of multiple 
distal vessels
Avg±SD 378 ±131 N/A N/A 987±1640 N/A N/A N/A
*Technical success defined as successful insertion of endograft, no Type I or Type III endoleak, patent graft.
†Postoperative death.
Op, Operative; CE, coil embolization; PO, pre-existing occlusion; EBL, estimated blood loss; CIA, common iliac artery; EIA, external iliac artery; RA, renal
artery; Avg, average; N/A, not applicable.
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ent in their proximal aneurysm necks, and widespread
embolization developed in three of these (patients 2, 5,
and 8). However, none of the patients required endovas-
cular manipulations in the perirenal aorta, nor did they
require repositioning of the endografts after deployment.
The procedures in these eight cases were associated with
longer operative times and greater blood loss than were
most of our cases.39
Evidence of microembolization. Four of the eight
patients developing CI following EVAR had direct evi-
dence of microembolization (Table IV). Two of these
patients (patients 1 and 5) required segmental colectomy
for their colon ischemia. One required surgery 48 hours
postoperatively, and was found to have direct evidence of
atheroemboli underlying areas of necrotic bowel (Fig 4).
The other patient manifested no overt postoperative signs
of microembolization, but subsequent complaints of
abdominal pain resulted in a work-up revealing an
ischemic stricture of the descending colon 6 months after
the original procedure. Pathologic examination revealed
focal atheroemboli (Appendix A, online only). The three
patients developed evidence of renal, small bowel, cuta-
neous, and colonic ischemia (Table IV). Three patients
(patients 2, 5, and 8) died within the first postoperative
week. Nonoperative management was successful in the
other four patients, in whom the colon ischemia was lim-
ited to relatively mild, mucosal ischemia. This was docu-
mented by colonoscopy, which revealed six patients with
mild, mucosal changes, such as edema, friable, and pale
mucosa, and focal areas of submucosal hemorrhage. One
patient (patient 8) had colonoscopic evidence of severe
ischemia as marked by hemorrhagic, ulcerated bowel
with discrete necrosis, and another patient (patient 1)
was found to have an ischemic stricture 6 months after
EVAR.
Clinical signs and symptoms were similar in frequency
to those reported in other series.1-5 Diarrhea developed in
five of the eight colon ischemia patients within 24 hours
of surgery. In all but one patient, this was accompanied by
either gross (n = 1) or trace (n = 4) fecal blood (Table IV).
Acute lower-extremity ischemia was noted in two
patients. The three patients with evidence of widespread
embolization remained sedated and ventilator-dependent
postoperatively until death. Abdominal distension and
tenderness was present in all three. In one of these
patients, laparotomy revealed widespread patchy necrosis
of the small bowel and focal necrosis of the colon, which
was resected. Abnormal serum chemistries in the three
patients with widespread microemboli are summarized in
Appendix B (online only).
Fig 5. Radiographic imaging of a 77-year-old man undergoing EVAR. A, Preoperative arteriogram reveals AAA with
favorable anatomy. B, The right HA was coil embolized at the time of arteriography (4 weeks before EVAR). C, CT scan
shows presence of mural thrombus in the right common iliac artery, which was not obvious on arteriogram. D,
Completion arteriogram demonstrating successful aneurysm exclusion, with the right limb of the stent graft overlying the
previously coil-embolized right HA. Note the patency of the left HA.
A D
B C
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DISCUSSION
Several possible mechanisms have been suggested to
explain colon ischemia after open aortic surgery. These
include the interruption of formerly patent IMAs or HAs,
poor remaining collateral networks, shock and hypoperfu-
sion, reperfusion injury, surgical trauma to the bowel, the
abdominal compartment syndrome, and macroembolic
and microembolic phenomena. However, precise identifi-
cation of the exact etiology of colon ischemia, which can
occur in varying degrees of severity, remains unknown.
Moreover, it is unclear how these possible etiologies apply
to the colon ischemia that has been observed after EVAR,
although there are clear differences between open and
endovascular AAA repair.
During EVAR, sacrifice of the IMA is universal, and
options to measure IMA stump pressure or to reimplant
this artery do not exist.6,16 Furthermore, the period of
aortic occlusion during most EVARs is reduced to short
intervals of a few minutes or less. Finally, direct trauma to
the colon from retraction and other surgical maneuvers, as
Table IV Details of patency with colon ischemia after EVAR
Direct Colectomy Cause
evidence of Fecal because of of colon Possible sources
Patient microembolization Diarrhea blood colon ischemia Death ischemia of emboli
1 Colon microscopy No None Yes No Embolic None observed
2 Livedo reticularis Yes Microscopic No Yes† Embolic† Proximal neck, 
access vessels
3* None Yes Microscopic No No None Identified Proximal neck, 
access vessels
4 None Yes None No No None Identified Access vessels
5 Livedo reticularis, No Microscopic Yes Yes† Embolic† Proximal neck, 
acute limb ischemia, access vessels
colon microscopy
6 None No N/A No No None Identified Access vessels
7 None Yes Microscopic No No None Identified Proximal neck, 
access vessels
8 Livedo reticularis, Yes Gross No Yes† Embolic† Proximal neck, 
acute limb ischemia access vessels
Total 4 5 5 2 3 N/A N/A
*Previous right hemicolectomy.
†Widespread microembolization.
N/A, Not applicable.
A B
Fig 6. A, Preoperative arteriogram demonstrating a patent IMA (arrow) 19 years after right hemicolectomy. Collateral
mesenteric vessels are not present. B, Completion arteriogram after aorto-right common iliac EVAR demonstrating com-
plete exclusion of the AAA without signs of an endoleak. Also, internal iliac arteries were preserved bilaterally. F,
Femorofemoral bypass graft; O, occluder device.
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well as the abdominal compartment syndrome, are not
features of EVAR.
One possible cause of colon ischemia after open and
endovascular aortic aneurysm repair is HA interruption,
and several authors have emphasized the importance of
preserving the hypogastric circulation during AAA repair,
citing colon ischemia and other dire consequences as pos-
sible complications of either unilateral or bilateral HA
interruption.24-30,32 However, we have found that unilat-
eral and even bilateral hypogastric interruptions during
both open and endovascular aneurysm repairs did not
appear to cause colon ischemia.33 Only one case of mild
mucosal colon ischemia was observed after unilateral HA
interruption in 109 cases and bilateral HA interruption in
13 cases.33 Similar experience has been noted by Karch,35
Criado,36 and their colleagues. On the other hand,
Parodi42 has encountered serious colon ischemia with
bilateral HA interruption and advocates HA revascular-
ization in preference to bilateral HA interruption.
Because of the potential importance of HA and IMA
interruption in the etiology of colon ischemia and because
of the possible multifactorial etiology of this condition,
we attempted to evaluate each of these factors in our pre-
sent study. Unilateral HA interruption was required in
only one patient (patient 4), resulting in mild and self-
limited colon ischemia. This was the only case of colon
ischemia found among the 122 EVARs (0.8%) requiring
either unilateral or bilateral hypogastric interruption. In
contrast, 156 EVARs had no hypogastric interruptions
and a five-fold higher incidence of colon ischemia (4.5%).
In the present study, three cases (patients 2, 5, and 8)
were identified as having discrete evidence of severe,
widespread microembolization resulting in ischemia of
the colon and other organs and death. Such widespread
microembolization was most likely caused by dislodge-
ment of clot or atheromatous debris from the wall of the
AAA or the proximal aneurysm necks or access vessels. All
three patients also had occluded IMAs, and none required
HA interruption, suggesting that hypogastric-based col-
laterals may have provided a route of embolization to the
colon. However, given the significant incidence of but-
tock claudication and impotency after HA occlusion,33,34
routine HA sacrifice as a preventative measure of colon
ischemia remains inadvisable. With distal occlusion of
both iliac arteries, any particulate matter or emboli
released into the aneurysm lumen can not only go to the
colonic circulation, but can also go retrograde, because of
turbulence, into the mesenteric and renal arteries.43
Obviously, difficulties with access and extensive manipula-
tion of intravascular devices, particularly in clot-filled ves-
sels, increase the amount of potentially embolic material
released. This presumably occurred in the four cases of
confirmed microemboli some time during the deploy-
ment of the endograft and the associated intraluminal
manipulations. (Table III).
MEGS endografts were used in all three patients in
whom extensive embolization developed. We believe that
embolization is not a device-specific phenomenon, but
rather reflects a case selection bias towards the MEGS
device for cases with extensive thrombus in the neck and
access vessels, or tortuous, calcified iliac anatomy which
would otherwise not meet inclusion criteria for other
endografts. Furthermore, we suggest that in patients with
such difficult anatomy, EVAR should be avoided or per-
formed with extreme care, and colonoscopy should be
performed in all cases in which evidence of embolization
exists.
It should be noted that colonoscopy is not routinely
performed after EVAR at our institution and is done only
in patients with symptomatic disease. Because colon
ischemia is known to occur asymptomatically,5 some cases
may have evaded detection, and the actual incidence may
be higher than that reported here.
In an additional patient (patient 1), histopathology
demonstrated atheroembolic causes for an ischemic stric-
ture that was resected several months after EVAR.
However, this patient had a patent IMA on preoperative
arteriography, so that IMA interruption cannot be
excluded as a possible contributory factor to the colon
ischemia that developed in this patient.
No direct pathologic or other organ damage was
available to prove micorembolization in our other four
patients. However, all of them had thrombus in the AAA
neck and sac, and all had difficult insertion procedures
that required unusually extensive endovascular instru-
mentation and manipulation. In two of these cases, other
possible mechanisms may have contributed to the rela-
tively mild colon ischemia that developed. In one patient,
previous colectomy and IMA interruption may have
impaired colonic collaterals (Fig 6). The second patient
had coil embolization of one HA (Fig 5).
In conclusion, we believe that microembolization is a
major and probably the predominant factor in the pathogen-
esis of colon ischemia after EVAR. Interruption of one HA or
even both HAs is not a major cause of colon ischemia in the
setting of EVAR. Although IMA interruption may some-
times be a contributory factor, especially with previous colon
surgery, it cannot be avoided with EVAR. The colon ischemia
that occurs in the absence of widespread microembolization
is usually mild and amenable to conservative management.
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Dr Frank J. Criado (Baltimore, Md). I rise to congratulate Dr
Dadian and the Montefiore group on a well-presented, excellent
paper. I have a few comments and a couple of questions.
First to the comments. I believe this is a truly significant con-
tribution to the field of endovascular repair of aortic aneurysms,
adding much needed clarity to an area that has been the focus of
speculation and uncertainty. Dr Dadian and his colleagues have
come up with good evidence in support of a microembolic etiol-
ogy for ischemic colitis in the setting of stent graft repair of AAA.
Second, it is always refreshing to have one’s own observations
and biases validated by those who command such respect in the
specialty. The occurrence of ischemic colitis is unlikely related to
hypogastric artery interruption which, under certain conditions, is
very well tolerated, indeed, whether unilateral or bilateral.
Thirdly, it is important to note that the Montefiore experience
includes a number of extraordinarily challenging, almost impossi-
ble, aneurysm patients, so the relatively low incidence of ischemic
colitis and other serious morbidities speaks well of their skills and
mature experience.
And now to the questions:
1. You seem to have identified two different clinical syndromes
of ischemic colitis; one, when it occurs as part of a multi-
organ, widespread phenomenon that appears to be irreversible
and universally fatal; the other is defined by ischemic colitis
occurring in isolation, it would appear to be far more benign.
Do you have an explanation for these two different presenta-
tions? And do you attach any significance to the fact that pre-
existent IMA occlusion was found in each of the three patients
developing widespread fatal microembolization?
2. Would you be able to speculate on likely vascular pathways for
embolization to the colon, and perhaps the small bowel as
well, during stent graft repair of AAAs?
3. And third, and last, would you see a role, perhaps in the
future, for embolic protection devices in such difficult cases
where embolization to critical vascular beds is likely to take
place?
Once again, I enjoyed the paper very much, and I’m grateful to
the Society for the privilege of discussing it. Thank you.
Dr Nishan Dadian. Thank you, Dr Criado.
With respect to widespread versus localized embolization phe-
nomena, it’s really difficult to say exactly what it is that would pre-
dispose a patient to widespread embolization over just localized
colonic ischemia.
The question of the IMA is difficult to answer, because in this
series we didn’t do anything to rule out the possibility of IMA
interruption as a possible cause. IMA patency was not any greater
in those patients who sustained localized colonic ischemia as
opposed to widespread embolic phenomena. There was no corre-
lation in these eight cases that interruption of a patent IMA was
the cause for nonwidespread microembolic pathology.
As far as likely vascular pathways for embolization, it’s been
shown in previous studies. Lipsitz published a paper a number of
years ago on cross-clamping of the aorta, in which the aorta was
cross-clamped proximally and distally. They found that in the
process of cross-clamping, when the clamp was initially placed dis-
tally, atheroembolic debris that occurred as a process of cross-
clamping would embolize retrograde, preferentially down the
renal arteries, down the SMA, and the celiac. If the aorta was
clamped proximally, as we at Montefiore do, this phenomenon was
largely avoided.
As far as likely embolic pathways are demonstrated in this
series, as a retrospective review it is difficult to draw conclusions
between anatomy and which way these emboli may have gone.
And with respect to protection devices for embolic phenom-
ena, really, I don’t know of any. This only occurs in a very small
fraction of patients, and it’s difficult to say whether or not embolic
protection devices would benefit these patients.
Dr Mark W. Moritz (Morristown, NJ). I’d like to also echo Dr
Criado’s comments and congratulate you on examining an issue
which we’ve really been in the dark about for many years.
And as surgeons who operate in open procedures, we’ve
always been thinking that it’s what we do in the operating room
that causes these problems. I’d like to suggest another explanation
for why these things happen and get your comments about it and
whether in the course of your investigation you saw this associa-
tion.
We all know that when our colleagues, either radiologists or
cardiologists, have done catheterizations, coronary angiograms,
and so on, they also get microembolization to the periphery and
to the gut. It’s been my observation over the years, and as recently
as this past week, that such a patient who then does not have
peripheral vascular surgery performed but goes on, for instance, to
some other procedure like an aortocoronary bypass, will also be at
risk for bowel ischemia and can also have these problems after the
nonperipheral vascular surgery is done.
I’d like to suggest what’s really happening here and get your
comment on it. I believe that when the patient has a friable intima
to the aorta, that the catheterization itself may subclinically or clin-
ically embolize the patient at the time of diagnostic angiogram,
setting up a situation where there is a marginal perfusion of the
gut, and then rendering that patient susceptible to ischemia of the
bowel either due to surgery or to any other procedure that subse-
quently follows that may produce a transient or prolonged under-
perfusion. I wonder if in the course of your study you found any
evidence that this is really what’s going on. Because if that is
indeed the dominant etiology, then the status of the IMA and the
hypogastric really isn’t that important, but really what’s important
is how many cholesterol emboli have lodged in the arcades of the
bowel before the peripheral vascular operation is even performed.
Thank you very much.
Dr Dadian. Thank you for your question.
That is exactly my point. Seven out of the eight patients in this
series either had thrombus present in the aneurysm neck or in the
access vessels. Many of them had long, difficult procedures. This
does not mean just needing a touch-up with a balloon catheter.
These were complications precipitated by placement and manipu-
lation of additional stents, resulting in distal atheroembolic phe-
nomena. So yes, I agree, and our data support the idea that large
amounts of intraluminal atheromatous or thrombotic debris are a
predisposition for embolism in these patients, especially when
you’re rattling around catheters in their vessels.
Dr Thomas F. Panetta (Brooklyn, NY). I’d like to congratulate
you on a nice presentation and an excellent study. I’d like to focus
a little bit on two very important pieces of information. Number
one is the cholesterol clefts that you identified in your specimens,
and number two is the fact that you have small bowel involvement.
And I’d like to focus a little less on maybe the catheters but the
method of stent deployment. Do you think that this is the result of
deploying the stent suprarenal, as we always do, and then dragging
the stent across the orifice of the SMA and having this loose athero-
matous debris then embolize down the SMA, the renals and the
visceral vessels as the etiology here? And maybe rather than doing
that we should target the immediate infrarenal neck for the
deployment rather than dragging these down. Especially in cases
where you identify pararenal mural thrombus and the implication
of the cholesterol clefts therefore is the atheroma rather than the
mural thrombus in the aneurysm sac.
Dr Dadian. Well, as far as the deployment of the graft goes,
there were two cases in this series, both of which sustained wide-
spread microembolic phenomena. And two of these cases with the
widespread phenomena had signs of distal embolization immedi-
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ately after stent graft deployment. Also, although it wasn’t picked
up in the operating room, there was sluggish clearance of contrast
dye from the renal arteries. We believe that during deployment of
the actual stent graft close to the renal arteries, it mashed some of
the atherosclerotic plaque up and into the renal vessels. So yes, I
do believe that deployment of the endograft can cause that.
Dr Panetta. So should we be deploying the grafts differently?
Should we try to nail that infrarenal neck rather than deploying
high and pulling down?
Dr Dadian. I think it’s important to be attentive to the pres-
ence of clot and atherosclerotic plaque that’s in proximity to the
renal ostia and in the neck of the aneurysm sac, and also to avoid
intraluminal manipulation of these devices as much as possible.
Dr John J. Ricotta (Stony Brook, NY). As a follow-up to that
question, did you look at the perirenal and suprarenal aorta and
the character of that? You talked about the area right at the
aneurysm neck, but did you look there?
And it seems to me that a year or two ago Dr Ohki was talk-
ing about blowing a balloon up during the deployment of the
proximal neck to prevent migration. Did any of these patients
have that technique?
Dr Dadian. I can’t really comment on the technique that was
employed in each of these particular patients. I can say that with
respect to perirenal atherosclerotic disease of the aorta, there were
some patients in this series who had that, but we were primarily
concerned with infrarenal disease of the aorta and those were the
areas that we examined.
Dr John Blebea (Hershey, Penn). I wish to reiterate the con-
cern about the status of the SMA. I think that may be the source
of potential atheroemboli and would recommend re-examining the
CT scans on these eight patients to see the degree of suprarenal
aortic atherosclerotic disease.
Montefiore has been in the forefront of endovascular repair of
ruptured AAA. Were any of these patients who had colonic
ischemia repaired under such emergent conditions? If so, there
would be an entirely different set of considerations which are the
more likely causative factors.
Dr Dadian. I agree, the situation of rupture is considerably
different from elective repairs. This study was really limited to just
elective repairs. And on that basis, I can’t really comment on the
incidence of colon ischemia in the setting of ruptured endovascu-
lar aneurysm repair.
Dr Frank J. Veith. A couple of comments.
First of all, we do not think that interrupting the hypogastrics
is a good thing. If possible, we would reconstruct the hypogastrics.
But it is often not possible or difficult, and our data are correct.
But we are certainly not advocating taking the hypogastrics as a
good thing. It is a bad thing, but not as bad as we once thought.
The second point, in answer to your question, we use a bal-
loon in the opposite common iliac to prevent downward displace-
ment as the proximal balloon is being inflated to deploy the
proximal stent. That creates a situation which Dr Dadian alluded
to, where any atheromatous debris within the aneurysm sac goes
retrograde, due to the turbulence and gets to the SMA, the renals,
and the intercostals. We believe that is the predominant mecha-
nism in the cases of massive embolization.
I believe there are many things that can cause embolization.
Fortunately, much of it is subclinical and does not cause any prob-
lems. Only when it is widespread and massive does it become clin-
ically important. Embolization can come from a whole variety of
causes, including guidewire passage. Difficult manipulation of
guidewires creates a lot of loose debris which can then embolize.
The main thing is to try to avoid that kind of manipulation,
although sometimes it is not possible.
And in answer to John’s question, remarkably none of our
rupture cases had any colon ischemia. Obviously they are a setup
for it, but they did not get it. We believe that was fortuitous, and
sooner or later it will occur.
Dr Ricotta. Frank, are there cases that you would look at pre-
operatively and be able to say there is a high risk for embolization?
Dr Veith. Obviously if they have atheromatous debris or clot in
the neck, we worry about it. But remarkably, many of those patients
who did not get embolic problems also had these unfavorable cir-
cumstances. So I would say, aside from trying to minimize aggressive
manipulation within the sac, there are no predictive factors. And fre-
quently you get away with things that you think you might not. But
we have seen—just with coil embolization of hypogastrics preopera-
tively—we have seen microembolization and macroembolization to
the legs and feet. So it can be a problem, particularly with complex
aneurysms. And one has to be prepared to remove some of these
emboli, if they’re accessible, even operating on vessels in the feet.
Dr Joaquim J. Cerveira (Newark, NJ). You describe a low
incidence of clinical ischemia. How many of these patients were
actually colonoscoped? Were all patients looked at postoperatively
or only the ones with clinical symptoms?
And secondly, your description of a relatively benign conse-
quence of hypogastric interruption. Of the 122 hypogastrics that
you actually did interrupt, how many of those patients developed
buttock claudication or impotence?
Dr Dadian. This was a retrospective series. We do not routinely
scope patients after endovascular repair. Patients who were colono-
scoped postoperatively were those patients we believed had clinical
signs and laboratory evidence of colonic ischemia, such as abdomi-
nal tenderness, bloody diarrhea, elevated white count, or fever.
Could the incidence of subclinical ischemic colitis have been
much higher? Absolutely. Prospective series that have been done
have demonstrated incidences as high as 30%. So colon ischemia
in this group may be much higher.
With respect to the incidence of buttock claudication and
impotence after having hypogastric interruption, all of that data is
in a paper by Mehta et al (J Vasc Surg 2001;33:S27-S32).
Dr Cerveira. Do you know the incidence that occurred in the
122 interruptions that you performed?
Dr Dadian. Well, Dr Veith, would you like to comment on that?
Dr Veith. Buttock claudication was a problem. Manish Mehta
is the first author on our paper in the last year in the JVS. Early
buttock claudication occurred in about 44% of the unilateral and
bilateral hypogastric interruptions. The patients were troubled by
it. But as time goes by, it improved so that only 14% to 17% had
persistent serious buttock claudication. So it is a problem. Of
course, in the Bronx, claudication is a life-threatening disease, but
in the rest of the world it is not an insurmountable problem. But
again, we try not to sacrifice hypogastrics, and buttock claudica-
tion is real and is a problem.
Dr Michael Golden (Philadelphia, Penn). I would like to
commend you on an excellent paper and a fine presentation. We
have been following your work and the work of your group for
many years now.
I had one question. In terms of the patients that had been
noted to have clot in the perirenal or juxtarenal aorta, is there a
finding that would then prompt you to get a CT scan or some
other type of imaging of the thoracic aorta as the wires are rou-
tinely placed up high and with the manipulation with introduction
of the stent graft, the wire is wiping around up into the thoracic
aorta, which actually may be the source of your emboli. So is there
a reason or a finding on your standard study that would prompt
you to image the thoracic aorta, and is there any kind of finding
that would actually make you back off from trying an endovascu-
lar repair?
Dr Dadian. I think that getting a scan of the thoracic aorta is
a good idea if you think that you’re going to be jamming catheters
and guidewires up there.
Whether or not the presence of clot there is absolutely pre-
dictive of the development of colonic ischemia is difficult to say,
however. Obviously, when you have clot in the infrarenal aorta
and in the access vessels, embolization is more of a concern. And
for similar reasons, one should exercise caution when there is clot
in the thoracic aorta as well.
